Cclls from thc antcrior segment of the salivary glands of Sdara coprophila wcrc found to synthcsizc and sccrctc into thc gland lumcn thrcc morphologically distinct typcs of granulc: I) A largc, clcctron-lucid granulc, up to I /~ in diamctcr, staining only faintly with pH 2 fast green and the PAS rcaction; 2) an cUipsoid granule of modcratc density, strongly fast green and PAS positive; and 3) a small spherical granulc of high clcctron dcnsity. The cells containcd numcrous Golgi areas, up to an estimated 8,000 pcr cell. Evidcncc is prcscntcd for the transfer of material from thc cndoplasmic rcticulum to the Golgi areas ma small vcsiclcs. Thrcc tTpcs of Golgi areas wcrc distinguishable, cach containing intcrcistcrnal matcrial resembling one of the three types of secretion granulc. Patterns of sccrction granulc synthcsis varicd with thc dcvclopmcntal stage of the larva as dctcrmincd by counts of cyc spots in thc cyc anlagc. Lucid granulcs wcrc most abundant in thc youngcst larvac, and dccreascd in abundancc as larvac grcw oldcr, becoming virtually abscnt in prcpupac. Thc small, dense granules wcrc prcscnt in all gland cclls, but became morc prcvalcnt in oldcr larvac and prcpupac. Ellipsoid granulcs wcrc only occasionally prcscnt, and wcrc indcpendent of larval stagc. It is suggcstcd that lucid granules arc digcstivc in function, since thcir abundancc correlates with feeding patterns. Othcr granulcs may producc the cxtcrnal slimc coating of the larvae, and also thc mucoprotcin componcnt of the pupal cocoon.
INTRODUCTION
The polytene chromosomes of dipteran salivary glands have served as material for numerous investigations since Painter (20) pointed out their value as a cytogenetic tool. The morphology and cytochemistry of chromosome puffing have been extensively investigated, and sequential puffing patterns have been correlated with developmental stages for several genera (2, 4, 6, 12, 19) . It has been shown in Chironomus that an RNA puff is correlated with the formation of a specific cytoplasmic secretion granule (3), but there have been few investigations of secretory patterns. The few electron microscopic studies that have been made are largely limited to special aspects of the cytoplasm (14, 28) , and to our knowledge there has been no general study of the fine structural changes during development in any dipteran salivary gland.
Since the salivary gland apparently possesses a dual role in the secretion of digestive enzymes (15, 22) and in the production of mucoproteins for pupal adhesion, we might expect interesting changes in secretion patterns with differentiation. Recently a third function has been proposed, the collection and concentration of proteins of the hemolymph (16) . It is thus of interest to know the cellular changes accompanying larval development with the ultimate hope of correlating cytoplasmic morphology with complex developmental puffing patterns, with hormonally influenced cell alterations, and with the changes in function known to occur in this complex tissue during development. As a first step in this endeavor, we have undertaken a descriptive study of cytoplasmic changes in certain salivary gland cells of Sciara.
We have chosen Sciara for several reasons. Both Sciara and the related Rhynchosciara possess an interesting and unexplained DNA synthesis pattern involving localized sites of DNA increase (DNA puffs) (6, 24) . The staging of S. coprophila larvae during the last half of the fourth instar has been carefully described by Garcia using eye spot development. She found a close correlation between increase in eye spot number and changes in chromosome structure (12) . The salivary gland in this family consists of a simple tube only two cells wide, and these cells, like the salivary gland cells of other fly larvae, never divide during larval life. It is thus possible to select a cell under a dissecting microscope and later to section this specific cell for electron microscopic examination. One can, therefore, readily distinguish developmental changes from possible differences due to location of cells within the tissue.
Each of the paired salivary glands of late fourth instar S. coprophila larvae is nearly a centimeter in length, longer, in fact, than the larva itself. This investigation is limited to the first nine or ten pairs of gland cells, the largest cells of the tissue (Fig. 1 ). Because these cells contain the most highly polytene chromosomes in the animal, they have been the subject of previous morphological, radioautographic (12) , and photometric (24) studies.
M A T E R I A L S AND M E T H O D S
S. coprophila larvae were staged by counting eye spots as has been described by Garcia (12) . larval stages a, c, and e, and prepupae. Prepupae are readily distinguished from stage e larvae because they are shorter, less transparent, and immotile. Salivary glands were fixed in either 1 per cent OsO4 (pH 7.6) or 6 per cent glutaraldehyde (pH 6.8) followed by 1 per cent OsO4 (pH 7.6) (26). Fixing solutions were buffered in 0.2 M Sorenson's phosphate buffer (! volume 2 per cent osmium to 1 volume of buffer; 1 volume 25 per cent glutaraldehyde to 3 volumes of buffer). Glands were dissected out in cold (0 to 4°C) fixative, and subsequent fixation was carried out in the cold. Tissues were dehydrated in cold acetone or alcohol and imbedded in Epon 812 (17) . Sections were cut on a Porter Blum MT-1 ultrarnicrotome, stained in 3 per cent aqueous uranyl acetate (6 to 24 hours) followed by lead citrate (25) , and examined on an RCA EMU 3C electron microscope.
Materials fixed in osmium tetroxide, glutaraldehyde-osmium tetroxide, and formalin, and imbedded in Epon were also used for light microscopy. The Epon was removed from 1-mlcron sections before staining (18) . Protein distribution was determined by the Millon reaction (23) or with 0.01 per cent fast green for 30 minutes at pl-t 2. The PAS reaction for polysaccharides was carried out according to Hotchkiss (13) . Control slides were not treated with periodic acid. Aldehyde blocking agents (1) (aniline-acetic acid, and hydroxylamine) were also used to test for the specificity of the reaction. This was effective in blocking the reaction after but not before periodic acid hydrolysis.
RESULTS
The salivary gland is roughly oval in cross-section ( Fig. 1, insert) . On the broader axis of the gland the cells appear to be roughly cuboidal with dimensions, in mature larvae, of about 80 /~ deep and 80 # wide (Figs. 1 to 3). The lumen of the gland, which is continuous with the duct lumen ( Fig. 1 ), is lined with a brush border composed of numerous long microvilli (Figs. 6, 9 to 11). No differences in fine structure were found between cells of the first nine or ten pairs in any one salivary gland. Most of our observations were made on the two anteriormost cell pairs.
SECRETION GRANULES : The cytoplasm of
Sciara salivary gland cells contains three types of secretion granules which differ from one another in size, density, shape, and pattern of appearance. These three distinct types of granules are discussed separately below.
Electron-lucid granules.
Numerous electron-lucid secretion granules occur throughout the cytoplasm of fourth instar larvae, in which the eye spots are just beginning to form (the youngest larvae studied--stage a). Lucid granules are most prominent in the apical cytoplasm below the microvillar border (Figs. 2, 3, 6 , and 7). These membrane-bounded granules are much less prominent in older larvae (stage c). In stage e larvae there are only a few such granules in the cytoplasm (Fig. 9) , and in prepupae the granules are virtually absent (Figs. 10 and 11).
When viewed by light microscopy, lucid granules stain weakly to not at all with fast green, the Millon, or the PAS reaction carried out after several different fixatives (glutaraldehyde-osmium tetroxide, formalin, or acetic alcohol) (Figs. 2 and 3). They did not stain with the basic azure B. After osmium tetroxide fixation the granules appeared to be empty. Under phase microscopy, unfixed ceils still show the granules to be of low density. It thus seems likely that lucid granules possess watery contents, containing proteins and polysaccharides in low concentration.
In electron micrographs the lucid granules in osmium tetroxide-fixed glands seem to be empty except for small amounts of diffuse material (Figs. 6, 7, and 9). In glutaraldehyde-osmium tetroxide material they have a characteristic structure. The (1) immediately below brush border appear almost empty and structureless after OsO4 fixation. Pinoeytotic vesicles (arrows) occur in association with microvillar crypts. >( 15,500. FIGURE 8 Portion of the apical cytoplasm of a stage c larvae. Some lucid granules apparently fuse to form larger granules which are secreted in toto since large membranebounded granules (arrows) often occur in triangular areas. Glutaraldehyde-OsO4. )< 19,000.
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In the youngest larvae (stage a) electron-lucid granules are tightly packed together beneath the microvillar border, separated only by their own limiting membranes or by small amounts of cytoplasm (Figs. 6 and 7) . Triangular areas occur above the granules at the base of the microvilli (Figs. 6 to 8) . Like the granules, these areas are less prominent in older larvae and absent from prepupal cytoplasm. It thus seems probable that they form by displacement of microvilli produced by the emptying of secretion granules. The granules sometimes appear to be confluent with these triangular regions, and membrane-bounded material resembling the lucid granules occurs in these areas (Figs. 6 and 8) . The triangular areas appear to be bounded by the plasma membrane and thus are probably continuous with the gland lumen (Figs. 6 and 7 ).
Ellipsoid granules.
Ellipsoid granules occur occasionally in all stages of development. When present, these membrane-bounded granules are usually numerous, particularly in the apical cytoplasm just below the microvillar border (Figs. 9 and 11 ). Ellipsoid secretion granules can easily be distinguished from electron-lucid secretion granules by their characteristic shape and greater density (Fig. 12) . After osmium tetroxide fixation these granules stain strongly for proteins with fast green and with the PAS reaction (Figs. 4 and 5) .
Electron-dense granules.
Small electron-dense granules occur in the cytoplasm of most animals, but are more prevalent in stage e larvae and prepupae. Like lucid and ellipsoid granules, they occur more often in the region immediately below the brush border (Figs.  10, 13, and 14) . The granules are membrane bounded and usually contain a very dense center surrounded by a narrow region of lower density just beneath the limiting membrane (Figs. 13 and   14 ). Electron-dense granules are not large or numerous enough to be resolved with the light microscope.
The Gland Lumen
The lumen of all Sciara salivary glands studied is lined with an electron-dense material which is sometimes also present between microvilli (Figs.  6, 9, 10, and 14) . This material is denser than lucid or ellipsoid granules, but of about the same density as electron-dense secretion granules (Figs. 10  and 14) . It stains strongly with fast green (Fig. 2) , and the Millon reaction, and stains orthochromatically (dark blue) with azure B. It stains strongly with the PAS reaction (Fig. 3) . This staining is blocked after but not before periodic acid hydrolysis, with the aldehyde coupling agents hydroxylamine and aniline-acetic acid. It thus is likely that the luminal material contains a weakly acidic mucoprotein, in relatively high concentration.
Golgi Areas
Sciara salivary gland ceils contain many small Golgi areas or "dictyosomes" (5, 29) , scattered throughout the cytoplasm, but somewhat more prevalent in the basal part of the cell. From the number of dictyosomes countable in cross-sections of cells in low-power electron micrographs, and a consideration of the volume of the cells, we estimate that each mature salivary gland contains up to 8,000 dictyosomes. The number varies considerably among different animals. Golgi vesicles often appear to be associated with membranes of the rough endoplasmic reticulum (Figs. 19 and  20) . Many Golgi areas of stage a larvae, particularly in the basal cytoplasm, contain spherical membrane-bounded areas of various sizes. The larger areas are about the size and density of lucid secretion granules, and sometimes have an internal structure similar to them (Figs. 15 and 16 ). Granules of the same density as dense secretion granules may also be located in dictyosomes. These are present in all larval stages and are most prevalent in the Golgi regions of the apical cytoplasm (Fig.  13) . When the cytoplasm of a salivary gland cell contains ellipsoid granules, it often contains dictyosomes with ellipsoid structures similar to the ellipsoid granules found free in the cytoplasm (Figs. 17 and 18) . Orientation of filaments can be discerned both in ellipsoid granules and in the 400 THE JOURNAL OF CELL BIOLOGY • VOLUME ~7, 1965 FIGVRE 9 Apical cytoplasm of gland from stage e larva. Only a few lucid granules (l) are present in the cytoplasm. This ceil also contains ellipsoid granules (e). OsI4. X 8,000.
FIGURE 10 Small "dense" secretion granules (d) can be discerned at the base of the microvillar border in this prepupal gland cell. "Dense" granules probably coalesce to form the dense material which lines the gland lumen (lu). Glutaraldehyde-OsO~. X 16,500.
FIGvn]~ 11 A concentration of ellipsoid secretion granules (e) in the apical cytoplasm of a prepupal gland. Several granules appear to be in the process of being secreted (arrows). Glutaraldehyde-OsO4 X 7,500.
Fmun]~ 12 Portion of gland cell cytoplasm of stage e larva, showing ellipsoid (e) and lucid (/) secretion granules. In this glutaraldehyde-OsO4 preparation, lucid granules are seen to contain a cup-shaped area of electron-dense material (arrows) at the apex of which is an area of fibrous material (f). × 27,500. 
D I S C U S S I O N
The salivary gland of Sciara is undoubtcdly a tissue of complex function. Although the gland cells in the portion wc have .studicd usually contain one predominant secretory product, in many cases two and in a .few cases three clearly distinguishable types of secretory granule may be present in the same cell, That these represent independent secretion products, rather than Stages in a single process, is indicated by the fact that three types of Golgi areas are aIso found. In addition, there are indications that each type of granule is secreted separately into the gland lumen.
There is an interesting problem concerning where the specificity may lie in the nearly simultaneous formation of different secretory products: in specialization of the endoplasmic reticulum, the Golgi areas, or elsewhere. In almost all Sciara gland cells studied, the ER appeared typical and showed no signs of specialization. In two glands, however, certain cisternae were dilated, and filled with material of moderate electron density. In both cases the cells also contained abundant ellipsoid granules. Palade, who early pointed out the close relationship between the endoplasmic reticulum and the Golgi apparatus, suggested that "continuity of membrane and content exist between the two systems at least intermittently" (21 to the Golgi apparatus via vesicles which bleb off ER membranes and travel through the cytoplasm to the Golgi zone (9, 11, 30) . From our observations of vesicles which appear to arise from the ER in the immediate vicinity of dictyosomes, we also conclude that, in Sciara, material is probably passed from the ER to the Golgi areas via numerous small vesicles. In our material, most Golgi areas possess dilated cisternae with contents clearly ascribable to one of the three types of secretion granule. It thus seems likely that in Sciara, as in other secretory tissues (7, 8, 10, 27) , gland products are concentrated and possibly further modified in dictyosomes. Since we have never observed two types of granule in the same Golgi area, it is probable that a specific Golgi region forms only one type of secretion granule at any one time. Further, since only one type of Golgi area was present in any one cell at one time, it seems likely that different secretory products are made sequentially, probably associated with shifts in synthetic properties of the endoplasrnie reticulum.
At present, the functions of the different secretory products are obscure. The lucid secretion granules are abundant in all stages of formation throughout most of the active larval life. Their concentration decreases as the larvae grow mature and feed less actively, and they disappear from the cytoplasm during the prepupal period, at a time when the animals have stopped eating. This suggests that the lucid granules may contain digestive enzymes. The concentration of proteins and polysaccharides is very low as demonstrated by the weak fast green, Millon, and PAS staining, and the low density of the granules when seen in unfixed cells. It is possible that more material is present in the granules in vivo, and also they may swell somewhat during fixation. The presence of peptidase enzymes fi'om the salivary glands of Drosophila (22) , and Chironomus (15) has been described.
A second function of the salivary gland may be the production of rnucoproteins to contribute to the outer slime layer on the body wall. Masses of Sciara larvae are often found in nature held to-gether by a sticky slime. Larvae, which were thoroughly washed in distilled water for half an hour and subsequently allowed to crawl over gelatinized slides, left a trail of fast green-and PASpositive slime. A third salivary gland product may be the material which forms the pupa cocoon. Rasch (personal communication) has noted that the cocoon which Sciara prepupae construct is PAS positive, and believes that the dense PASpositive material lining the salivary gland lumen is used to form the cocoon. We have found that the cocoon is, indeed, strongly PAS positive and also fast green positive, although it appears that much of the cocoon is composed of detritus which is incorporated during cocoon formation.
We have so far only studied a small portion of the total salivary gland, which has a very long posterior segment composed of smaller secretory cells (Fig. 1 ). These cells predominantly contain a fourth type of secretion granule, spherical in shape, and of moderate electron density. The posterior segment also lacks the strongly PAS-positive material in the lumen.
Sequential studies of the giant chromosomes of dipteran salivary glands have elucidated several different patterns of RNA puff formation (2, 4). Some puffs occur at specific stages of development, and these may subside and then return at later stages. Other puffs are present over long periods of development, in some cases an entire instar. A third type of puff, the most common, apparently appears and disappears completely independently of the developmental stage of the larva. The patterns of appearance of different types of secretion granules in Sciara are also distinctive. The presence of lucid granules is dependent on stage. Dense granules are present in all larvae of the last half of the fourth instar, and the presence of ellipsoid granules is apparently independent of the developmental stage. It is our hope that further investigation will indicate relationships between granule formation and specific chromosomal changes.
